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Question 1 
Because of the velocity deficit, U-u, in the boundary layer, the streamlines for flow past a flat 
plate are not exactly parallel to the plate. This deviation can be determined by use of 
displacement thickness, δ*. For air blowing past the flat plate shown in the figure, plot the 
streamline A-B that passes through the edge of the boundary later (y=δb @ x = Ɩ) at point B. 
That is, plot y = y(x) for streamline A-B. Assume laminar boundary layer flow. 
 







(a) At a given instant, two pressure waves, each moving at the speed of sound, emitted by a 
point sources moving with constant velocity in a fluid at rest is shown. Determine the 
Mach number involved, and indicate with a sketch the instantaneous location of the point 
source. 
      (5 marks) 
 
 
(b) At the seashore, you observe a high-speed aircraft moving overhead at an elevation of 
3048 m. you hear the plane 8 s after it passes directly overhead. Using a nominal air 
temperature of 4.4 °C, estimate the Mach number and speed of the aircraft. 
     (5 marks) 
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Question 3 







      (5 marks) 
 
(b) For a Fanno flow, prove/derive the following equation, and in doing so, show that when 
the flow is subsonic, friction accelerates the fluid, and when the flow is supersonic, 




       (5 marks) 
 
Question 4 
An ideal gas enters a frictionless constant area duct with the following properties: T0 = 293 K, P0 
= 101 kPa(abs) and Ma1 = 0.2. For a Rayleigh flow, determine corresponding values of fluid 
temperature and entropy change for various levels of pressure and plot the Rayleigh line if the 
gas is helium. 
     (10 marks) 
 
Question 5 
Just upstream of a normal shock in an airflow, Ma = 3.0, T = 333 K and p = 206 kPa. Estimate 
the values of Ma, T0, T, p0, p and V downstream of the shock. 
     (10 marks) 
 
Question 6 
A normal shock is positioned in the diverging portion of a frictionless, adiabatic, converging-
diverging airflow duct where the cross-sectional area is 0.009 m
2
 and the local Mach number is 
2.0. Upstream of the shock, p0 = 1378 kPa and T0 = 667 K. If the duct exit area is 0.014 m
2
, 
determine the exit area temperature and pressure and the duct mass flowrate. 
     (10 marks) 
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